Variation in fine-scale genetic structure and local dispersal patterns between peripheral populations of a South American passerine bird by Botero-Delgadillo, E. et al.
Ecology and Evolution. 2017;7:8363–8378.	 	 	 | 	8363www.ecolevol.org
 
Received:	8	May	2017  |  Revised:	23	July	2017  |  Accepted:	1	August	2017
DOI: 10.1002/ece3.3342
O R I G I N A L  R E S E A R C H
Variation in fine- scale genetic structure and local dispersal 
patterns between peripheral populations of a South American 
passerine bird
Esteban Botero-Delgadillo1,2  | Verónica Quirici3,4 | Yanina Poblete1,5 |  
Élfego Cuevas6 | Sylvia Kuhn7 | Alexander Girg7 | Kim Teltscher7 | Elie Poulin1 |  































The	distribution	of	 suitable	habitat	 influences	natal	 and	breeding	dispersal	 at	 small	




derstood.	We	 studied	 local	 dispersal	 and	 fine-	scale	 genetic	 structure	 in	 the	 thorn-	
tailed	rayadito	(Aphrastura spinicauda),	a	South	American	bird	that	breeds	along	a	wide	







tion.	 Breeding	 dispersal	 was	 limited	 in	 both	 populations,	 with	 males	 being	 more	
philopatric	than	females.	Spatial	genetic	autocorrelation	analyzes	using	13	polymor-
phic	microsatellite	loci	confirmed	the	observed	dispersal	patterns:	a	fine-	scale	genetic	
structure	 was	 only	 detectable	 for	 males	 in	 Fray	 Jorge	 for	 distances	 up	 to	 450	m.	
Furthermore,	 two-	dimensional	 autocorrelation	 analyzes	 and	 estimates	 of	 genetic	
	relatedness	 indicated	 that	 related	 males	 tended	 to	 be	 spatially	 clustered	 in	 this	
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1  | INTRODUCTION
Fine-	scale	 genetic	 population	 structure	 arises	 when	 alleles	 or	 gen-
otypes	 are	nonrandomly	distributed	across	 space.	This	 is	 typically	 a	
consequence	of	the	interaction	between	environmental	heterogene-
ity	 and	 species-	specific	 life	 history	 traits	 such	 as	dispersal	 patterns,	
mating	systems,	and	demography	(Garroway	et	al.,	2013;	Greenwood	
&	Harvey,	 1982;	 Lee,	 Simeoni,	 Burke,	&	Hatchwell,	 2010;	Van	Dijk,	
Covas,	Doutrelant,	Spottiswoode,	&	Hatchell,	2015;	Woxvold,	Adcock,	
&	Mulder,	 2006).	 Even	 though	 mobile	 organisms	 such	 as	 birds	 are	
expected	 to	 show	 high	 levels	 of	 gene	 flow	within	 and	 among	 pop-
ulations,	 spatial	 genetic	 structure	has	been	detected	 in	a	wide	vari-
ety	of	species	with	differing	dispersal	abilities	and	social	organization	
(e.g.,	Beck,	Peakall,	&	Heinsohn,	2008;	Browne,	Collins,	&	Anderson,	




carried	 out	 at	 different	 spatial	 scales,	 depending	 on	 the	 underlying	
factors	 and	 hypotheses	 being	 considered.	 Several	 studies	 focusing	
on	the	influence	of	habitat	heterogeneity	on	gene	flow	have	investi-
gated	spatial	variation	at	the	landscape	level	(>10	km),	and	detected	









and	 lekking	 birds	 (e.g.,	 Beck	 et	al.,	 2008;	 Double,	 Peakall,	 Beck,	 &	
Cockburn,	2005;	Van	Dijk	et	al.,	2015).
Although	complex	social	interactions	are	viewed	as	a	main	driver	
of	 fine-	scale	 genetic	 structure	 within	 local	 populations	 of	 birds	
(Hatchwell,	 2009;	 Van	 Dijk	 et	al.,	 2015),	 environmental	 heteroge-
neity	 can	 also	 affect	 the	 distribution	 of	 individuals	 at	 small	 spatial	

















in	 habitat	 heterogeneity,	 demographic	 factors,	 and	 social	 interac-
tions	 (Bowler	 &	 Benton,	 2005;	 Cote	 &	 Clobert,	 2012),	 and	 hence,	
intraspecific	variation	in	dispersal	and	in	population	spatial	structure	
is	 expected	 under	 distinct	 environmental	 contexts	 (see	 Matthysen,	
2012).	As	variability	in	habitat	patchiness	and	population	density	can	
affect	 local	 gene	 flow	 (Walsh	et	al.,	 2012),	 distinct	patterns	of	 fine-	
scale	 genetic	 structure	 between	 breeding	 populations	 are	 likely	 to	
occur	(Hermes	et	al.,	2016;	Lee	et	al.,	2010;	Stow,	Sunnucks,	Briscoe,	





Here,	we	 combine	 capture-	mark-	recapture	 (CMR)	 data	 and	mo-
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monogamous,	 and	both	 sexes	 incubate	 the	 eggs	 and	 share	 nestling	
provisioning	equally	 (Moreno,	Merino,	Lobato,	Rodríguez-	Gironés,	&	
Vásquez,	2007;	Moreno,	Merino,	Vásquez,	&	Armesto,	2005).	There	
is	 no	 information	 regarding	 sex	 differences	 in	 territory	 establish-
ment	and	nest-	site	 selection,	but	 it	 is	 expected	 that	both	 sexes	are	
involved	as	seems	to	be	the	case	in	other	furnariids	(Remsen,	2006).	
Breeding	appears	 to	be	 limited	by	 the	availability	of	natural	 cavities	
in	secondary-	growth	and	human-	altered	landscapes	(Cornelius,	2008;	
Tomasevic	&	Estades,	2006),	and	populations	are	negatively	affected	















tigate	 (1)	whether	 natal	 and	 breeding	 dispersal	vary	 between	 these	
contrasting	environments	and	(2)	whether	there	is	a	correspondence	
between	 local	 dispersal	 patterns	 and	 population-	specific	 fine-	scale	
genetic	structure.
2  | MATERIALS AND METHODS
2.1 | Study populations
This	study	is	part	of	a	long-	term	research	project	on	the	breeding	ecol-
ogy	of	 the	 thorn-	tailed	 rayadito	 in	Navarino	and	Fray	 Jorge,	where	
171–222	and	101–157	nest	boxes	have	been	available	in	2006–2015,	
respectively.	Nest	 boxes	were	 systematically	 distributed	 in	 second-	
growth	forests	in	Navarino	(24	±	0.6	m	between	nearest	nest	boxes;	
mean	±	SE)	 and	 in	 forest	 relicts	 in	 Fray	 Jorge	 (21	±	2.6	m	 between	
nearest	nest	boxes).	The	position	of	all	nest	boxes	was	georeferenced	
with	a	2	m	measurement	error.	The	spatial	arrangement	of	the	nest	












with	 other	 rayadito	 populations,	 the	 Fray	 Jorge	 population	 is	 iso-
lated	 (González	&	Wink,	2010;	Yáñez,	2013).	Bird	density	estimates	
during	the	breeding	season	based	on	distance	sampling	indicate	that	
Fray	Jorge	 is	almost	 three	 times	more	densely	populated	 (8.2	pairs/
ha;	Vergara	&	Marquet,	 2007)	 than	Navarino	 (2.9	 pairs/ha;	 Botero-	
Delgadillo,	2017).	Similarly,	nest	box	occupation	rates	during	2008–
2015	were	higher	for	Fray	Jorge	(18%)	than	for	Navarino	(10%;	data	
from	 this	 study).	Measurements	 of	 baseline	 corticosterone	 levels	 in	
blood	 plasma	 from	breeding	 adults	were	 also	 significantly	 higher	 in	










metal	 ring,	and	blood	sampled	 (ca.	15	μl)	by	puncturing	 the	brachial	
vein	with	a	 sterile	needle	 (Quirici	 et	al.,	 2014).	Blood	 samples	were	
stored	 on	 filter	 paper	 (FTA™	Classic	 Cards,	Whatman™)	 for	 subse-
quent	 genetic	 analyzes.	 Dispersal	 events	 were	 identified	 based	 on	
recaptures	of	individuals	in	subsequent	years.
F IGURE  1 Color-	banded	adult	thorn-	tailed	rayadito	Aphrastura 
spinicauda	(Photo:	Silvia	Lazzarino,	reproduced	with	permission)
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in	 the	corresponding	 references.	Natal	dispersal	was	defined	as	 the	
movement	between	the	natal	nest	box	and	the	first	recorded	breed-
ing	 box,	 while	 breeding	 dispersal	 comprised	 movements	 between	
consecutive	 breeding	 seasons.	 In	 order	 to	 characterize	 dispersal	
behavior,	we	 calculated	 the	 frequency	of	dispersal	 (%	of	dispersing	
birds)	and	the	distance	moved	(m)	by	recaptured	individuals	(Clarke,	




pairs	 in	both	 localities	 for	every	year	 (2008–2015),	using	the	spatial	
patterns	 of	 nest	 box	 occupation	 as	 input	 data	 (Adams,	 2001;	Valcu	









For	 describing	 spatial	 patterns	 of	 dispersal,	 we	 used	 descrip-
tive	analyzes	and	performed	statistical	 tests	with	R	version	3.3.1	 (R	
Development	 Core	 Team),	 using	 α	=	.05	 for	 hypothesis	 testing.	 To	
compare	natal	and	breeding	dispersal	distances	between	the	sexes	in	
each	population	we	employed	Kolmogorov–Smirnov	tests	(see	Harvey,	
Greenwood,	 Campbell,	 &	 Stenning,	 1984;	 Harvey,	 Greenwood,	 &	
Perrins,	1979).	Because	some	breeding	adults	were	recaptured	more	
than	once,	K-	S	 tests	 for	breeding	dispersal	were	performed	on	 two	
datasets:	a	first	reduced	set	comprising	only	the	first	breeding	disper-
sal	 distance	 recorded	 for	 every	 individual,	 and	 a	 second,	 expanded	
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(Montalvo	&	Potti,	1992).	Subsequently,	we	used	randomization	tests	
to	 evaluate	 the	 spatial	 patterns	 of	 natal	 and	 breeding	 dispersal	 for	
each	 sex	 and	population,	 comparing	 the	 observed	median	 dispersal	
distances	 against	 null	 distributions	 of	 medians	 generated	 by	 1,000	







































Log-	linear	 analyzes	were	used	 to	 test	whether	 the	 frequency	of	
dispersers	 and	 nondispersers	 was	 independent	 from	 bird	 sex	 and	







not	 affected	 by	 sex	 differences	 in	 mortality	 rates	 or	 probability	 of	
recapture	 (Ward	&	Weatherhead,	 2005),	we	used	 two	different	 ap-
proaches.	 For	 adult	 birds,	we	 used	CMR	data	 to	 calculate	 apparent	


















DNA	 was	 extracted	 from	 blood	 samples	 using	 a	 QIAamp®	 DNA	
Micro	Kit	 (QIAGEN®	#56304).	Given	 the	absence	of	evident	sexual	
dimorphism	 in	 rayaditos	 (Moreno	 et	al.,	 2007),	 sex	was	 determined	
using	one	chromosome-	linked	marker	(P2/P8;	Griffiths,	Double,	Orr,	
&	Dawson,	1998).	All	individuals	were	genotyped	at	13	polymorphic	
microsatellite	 loci	 (see	Table	S1):	 species-	specific	markers	As1,	As7,	
As18,	As25-	1,	As25-	5,	As25-	8,	As25-	10,	and	As25-	14	(Yáñez,	Quirici,	
Castaño-	Villa,	 Poulin,	 &	Vásquez,	 2015),	 and	 the	 cross-	species	 am-




Microsatellite	 amplifications	 were	 performed	 in	 multiplex	 PCRs	
using	 the	Type-	it®	Microsatellite	 PCR	Kit	 (QIAGEN®	 #206246)	 and	
primer	mixes	containing	four	to	five	primer	pairs	(mix	1,	2,	and	3;	see	
Table	S1).	The	forward	primer	of	each	pair	was	fluorescently	 labeled	
with	 6-	FAM™,	 VIC®,	 PET®,	 or	 NED™	 (Dye	 Set	 G5;	 Thermo	 Fisher	





95°C,	 23	 (mix1	 and	 2)	 or	 28	 cycles	 (mix	 3)	 of	 30	s	 denaturation	 at	
94°C,	90	s	annealing	at	the	temperature	given	in	Table	S1,	and	1	min	
extension	at	72°C,	 followed	by	a	30	min	completing	 final	 extension	
at	60°C.	After	amplification,	1.5	μl	of	the	PCR	products	was	added	to	
13 μl	formamide	containing	the	GeneScan™	500	LIZ®	Size	Standard,	
heat	 denatured	 and	 resolved	 in	 POP4	 polymer	 on	 an	 ABI™	 3130	
Genetic	 Analyzer	 (Thermo	 Fisher	 Scientific,	 Darmstadt,	 Germany).	
Raw	data	were	analyzed	and	alleles	assigned	using	the	GeneMapper 4.0 
software	(Applied	Biosystems).
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2.5 | Data analysis – spatial genetic structure




Hardy–Weinberg	 equilibrium	 (HWE)	 and	 estimation	 of	 frequency	
of	 null	 alleles	were	 applied	 on	 the	 same	 datasets	 in	CERVUS	3.0.7	
(Kalinowski,	Taper,	&	Marshall,	2007).	There	was	no	evidence	of	link-
age	 disequilibrium	 between	 any	 pair	 of	 loci.	With	 the	 exception	 of	







tests	were	 applied	 to	 investigate	 if	 local	 spatial	 genetic	 structure	 in	
each	 population	 corresponded	 to	 dispersal	 patterns	 observed	 with	
CMR	 data;	 (2)	 two-	dimensional	 autocorrelation	 analyzes	 (2D	 LSA)	










selecting	 the	 year	 with	 the	 largest	 number	 of	 captured/recaptured	
adults	 (Nav:	 2014,	 n = 63;	 FJ:	 2013,	 n = 50).	 Spatial	 autocorrelation	
analyzes	were	conducted	 in	Genalex	6.5	 (Peakall	&	Smouse,	2012),	
following	the	methods	described	by	Peakall,	Ruibal,	and	Lindenmayer	
(2003)	 and	 Banks	 and	 Peakall	 (2012).	 For	 calculating	 genetic	 cor-
relation	 coefficients	 (r),	Genalex	 uses	 pairwise	 squared	 genetic	 and	
























grams	by	 computing	 the	 t2	 statistic	 for	 each	 distance	 class	 and	 the	





of	 lr	 and	 standard	 permutation	 tests	 (1,000	 permutations/run)	 for	
significance	was	conducted	in	Genalex	as	described	by	Double	et	al.	






















p = .49)	and	random-	walk	models	(females:	p = .21;	males:	p = .28).
From	491	marked	fledglings	in	Fray	Jorge	up	to	2014,	29	(6%)	were	
recaptured	 as	 breeding	 adults,	 including	 14	 females	 and	 15	 males.	
Individuals	 were	 recaptured	 one	 (n = 1),	 two	 (n = 19),	 three	 (n = 8),	
or	 four	 (n = 1)	years	 after	hatching.	Three	males	were	 recaptured	 in	
their	natal	box	(nondispersed);	all	other	cases	were	defined	as	disper-
sal	events.	Females	 traveled	 longer	median	distances	 (740	m,	 range:	
40–2,730)	than	males	(100	m,	0–1,830),	and	the	distribution	of	move-
ment	distances	differed	significantly	between	the	sexes	(Kolmogorov-	
Smirnov	 test:	p < .001,	Z = 1.95,	n = 29;	 see	Figure	3a).	Monte	Carlo	
simulations	 showed	 that	median	 distances	moved	 by	 females	were	
not	different	from	values	generated	by	the	completely	random	model,	
but	distances	moved	by	males	were	shorter	than	expected	(females:	
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p = .35;	males:	p = .041);	on	the	other	hand,	the	random-	walk	model	
showed	 that	 females	 moved	 significantly	 longer	 distances	 than	 ex-
pected,	but	male	movements	were	not	different	 from	values	gener-
ated	under	the	null	hypothesis	(females:	p = .045;	males:	p = .58).
As	expected	based	on	differences	in	breeding	density,	adult	birds	

























Dispersal type Explanatory terms Estimate SE Test statistic p Variance (%)
Natal	dispersal Intercept 3.31 0.39 z45 = 8.43 <.001




Breeding	dispersal Intercept −0.83 0.26 z288 =	−3.24 .001
Sex −0.35 0.35 z287 =	−0.99 .32
Population −0.18 0.37 z286 =	−0.49 .62











dian:	 45	m,	 range:	 0–390;	males:	 30	m,	 0–90;	 Kolmogorov-	Smirnov	
test:	 p = .07,	 Z = 1.23,	 n = 127;	 see	 Figure	4a).	Monte	 Carlo	 simula-
tions	 suggested	 that	median	 distances	 for	 females	 and	males	were	
shorter	than	expected	under	the	completely	random	model	(females:	
p = .039;	males:	p = .033),	albeit	not	different	from	values	taken	from	a	





(females:	 median:	 11	m,	 0–270;	 males:	 7	m,	 0–270;	 Kolmogorov-	
Smirnov	 test:	 p = .65,	 Z = 0.56,	 n = 162;	 see	 Figure	4a).	 As	 in	 the	
Navarino	population,	Monte	Carlo	simulations	suggested	that	median	
dispersal	distances	were	shorter	 than	 randomly	generated	distances	
in	 the	 two	 sexes	 (females,	p = .028;	males,	p = .012),	 but	 not	differ-
ing	 from	 values	 generated	 under	 the	 random-	walk	 model	 (females,	
p = .28;	males,	p = .37).






sex	 or	 population	 on	 breeding	 dispersal	 distances,	 and	 nearly	 50%	 
















For	 adult	 birds,	 the	 best	 model	 included	 only	 six	 parameters	 and	
considered	between-	year	differences	in	apparent	survival	(four	tem-
porally	 varying	 values;	 mean	±	SE: φ1:	 0.69	±	0.04,	 φ2:	 0.43	±	0.09,	
φ3:	0.47	±	0.06,	φ4:	0.61	±	0.08)	and	 recapture	 rate	 (two	values;	p1: 
0.59	±	0.04,	 p2:	 0.77	±	0.07).	 According	 to	 this	 model,	 there	 were	
no	sex	differences	in	survival	probabilities	or	recapture	rates	in	each	










Locality Dispersal status Females Males
Navarino Nondispersed 32 50
Dispersed 25 20
Fray	Jorge Nondispersed 53 57
Dispersed 30 22
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almost	equal	between	the	sexes	(see	Natal dispersal patterns),	and	also	








3.4 | Fine- scale genetic structure






dividuals	being	more	 related	 than	expected	by	 chance	 (significantly	
positive	r-	values).	Despite	r-values	above	the	95%	CI	around	rp	up	to	
600	m,	the	95%	CI	around	r	was	significantly	different	from	0	only	up	
to	 450	m	 (Figure	5b).	 Analyzes	 for	 “snapshot”	 years	 showed	 similar	
results:	No	detectable	genetic	structure	in	Navarino	(females,	n = 32; 
males,	n = 31),	while	 in	Fray	Jorge	males	showed	a	significant	struc-
ture	 (positive	 r-	values)	 up	 to	 150	m	 (females,	n = 25;	males,	n = 25; 
details	not	shown).
Traditional	 correlograms	 indicated,	 again,	 no	 detectable	 genetic	
structure	in	Navarino,	with	correlations	for	both	sexes	oscillating	be-
tween	 positive	 and	 negative	 values	 (Figure	6a,b).	 The	 nonparamet-
ric	 heterogeneity	 test	 revealed	 no	 significant	 differences	 between	
the	 r-	values	 for	both	sexes	at	any	particular	 interval	 (Single-	class	 t2,	




The	correlogram	 for	 females	oscillated	between	high	and	 low	auto-
correlation,	whereas	 for	 males	 they	 showed	 a	 positive	 structure	 at	
150	m.	The	heterogeneity	test	showed	that	r-values	differed	only	sig-
nificantly	 at	 the	 150	m	 interval	 (t2 =	3.03,	p = .04),	 but	 the	 autocor-
relation	patterns	did	not	reveal	significant	sex	differences	(ω	=	12.31,	
p = .17).	Analyzes	 for	 “snapshot”	years	confirmed	 the	 same	patterns	
as	obtained	with	the	whole	2010–2015	dataset	(details	not	shown).
For	 Navarino,	 the	 two-	dimensional	 autocorrelation	 analyzes	 re-
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only	4%	of	significantly	positive	 lr-values	 (p = .012–.021),	17%	of	all	
lr-values	 were	 significant	 and	 positive	 for	 the	 66	 males	 (p = .002–







coefficients	were	not	different	from	0	for	females	(rxy =	.033,	p = .28)	
and	males	(rxy =	.009,	p = .41)	in	Navarino,	and	for	females	in	Fray	Jorge	
(rxy =	.035,	p = .26);	however,	there	was	a	weak,	but	significantly	posi-
tive	correlation	for	males	in	Fray	Jorge	(rxy =	.1,	p = .046).
4  | DISCUSSION
In	 this	 study,	 we	 compared	 local	 dispersal	 patterns	 and	 microgeo-




from	CMR	data	 and	 population	 genetic	 analyzes	 showed	 that	 local	
natal	 dispersal	 and	 sex-	specific	 fine-	scale	 genetic	 structure	differed	
markedly	 between	 the	 two	 populations	 and	 exhibited	 congruent	
patterns.	 Local	 breeding	 dispersal	 was	 much	 less	 frequent	 and	 in-
volved	more	 restricted	movements	 than	natal	dispersal	 and	did	not	
vary	between	the	two	localities.
The	 observed	 patterns	 of	 dispersal	 corresponded	with	 the	 ana-
lyzes	of	the	genetic	structure,	although	the	patterns	of	natal	dispersal	
should	 be	 interpreted	 cautiously	 given	 that	 recaptures	 of	 fledglings	
were	 in	general	 low.	The	 limited	sample	size	of	 recruits,	particularly	
in	Navarino,	might	suggest	that	the	spatial	scale	of	the	study	and	the	
reported	dispersal	distances	are	not	entirely	representative	of	the	ac-
tual	 natal	 dispersal	 distances	 in	 this	population.	This	 is	 plausible,	 as	
the	 extensive	 and	 continuous	 forest	 habitat	 in	Navarino	 could	 pro-




sal	 studies	 regardless	of	 the	 spatial	 scale.	For	 instance,	 fledgling	 re-
capture	 rates	 in	studies	encompassing	smaller	 (e.g.,	Payne,	1991)	or	








lower	 than	adult	 apparent	 survival	 rates.	Third,	 although	we	cannot	
exclude	that	recruits	have	dispersed	outside	the	study	area,	we	con-
sider	it	unlikely	that	the	majority	of	surviving	juveniles	moved	longer	
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for	breeding	in	the	mature	forest	surrounding	the	study	plot.	Although	
fledglings	in	Fray	Jorge	could	also	have	moved	to	other	patches	around	
the	 study	 area,	 none	 of	 these	were	 farther	 apart	 than	 the	 longest	
	distances	between	nest	boxes.
4.1 | Differences in natal dispersal between 
populations
It	 has	 been	proposed	 that	 the	 costs	 and	benefits	 of	 natal	 dispersal	
will	be	relatively	similar	for	females	and	males	when	both	sexes	se-
lect	a	nest	site	or	establish	and	defend	a	territory	(Clarke	et	al.,	1997;	
Greenwood,	 1980),	 potentially	 leading	 to	 no	 sex-	biased	 dispersal	
(Arcese,	1989;	Eden,	1987;	Enoksson,	1987;	Matthysen,	1987).	The	
absence	of	 sex-	biases	 can	also	arise	when	 there	are	no	differences	
in	 sex-	specific	 survival	 rates	 (Murray,	1967;	Waser,	1985;	Waser	&	
Jones,	1983),	and	when	movement	 is	not	 limited	by	nest	site	avail-






conditions	 (Matthysen,	 2012;	 Starrfelt	&	Kokko,	 2012).	Our	 results	
support	 these	 ideas.	 The	 observed	 distribution	 of	 natal	 dispersal	
distances	 did	 not	 differ	 between	 the	 sexes	 in	 the	more	 continuous	
environment	 (Navarino),	while	females	moved	longer	distances	than	










1991;	Greenwood,	 1980;	Winkler	 et	al.,	 2005).	On	 the	 other	 hand,	









adult	 survival	 is	 high,	 as	 it	 is	 the	 case	 in	 Fray	Jorge.	Because	 levels	








more	 restricted	 in	Fray	Jorge	 compared	 to	Navarino,	 but	CMR	data	
and	 analyzes	 of	 movement	 patterns	 support	 this	 idea.	While	 most	




&	 Currie,	 1996).	 Although	 these	 birds	 could	 have	 remained	 unde-
tected	while	breeding	in	natural	cavities	inside	the	study	area	during	





Monte	Carlo	 simulations	 also	 indicated	 that	males	 in	 Fray	Jorge	
have	more	 restricted	options	 for	 finding	a	breeding	 territory	and/or	
available	mates.	Indeed,	male	movements	in	Fray	Jorge	were	shorter	











4.2 | Restricted breeding dispersal in both 
populations
Theoretical	 and	 empirical	 studies	 suggest	 that	 adult	 birds,	 once	
they	established	 a	 territory,	may	pay	higher	 costs	 of	 dispersal	 than	
younger	 birds,	who	have	not	 yet	 invested	 in	 finding	 and	defending	
a	 suitable	 breeding	 site	 (Greenwood	&	Harvey,	 1982;	Wheelwright	
&	Mauck,	 1998)	 and	may	 thus	have	 less	 to	 lose	 (“asset-	protection”	
principle;	Clark,	1994).	As	has	been	found	in	many	passerine	species	
(Greenwood	&	Harvey,	1982;	Paradis,	Baillie,	Sutherland,	&	Gregory,	
1998),	 breeding	 dispersal	 in	 rayaditos	 was	 indeed	 less	 frequent,	









to	 a	 contiguous	 territory.	 Interestingly,	 individual	 identity	 explained	
























Cornelius,	 2008;	 Tomasevic	 &	 Estades,	 2006),	 and	 this	would	 have	
selected	for	strong	philopatry	 in	adult	birds.	Because	 limited	oppor-
tunities	 for	 reproduction	 reduce	 the	variability	 in	breeding	dispersal	
(Harts,	 Jaatinen,	&	Kokko,	 2016),	 present-	day	 patterns	 of	 restricted	
local	movements	of	breeding	adults	in	both	populations	might	be	by-	
product	of	limited	access	to	nesting	cavities.
4.3 | Fine- scale genetic structure and natal dispersal








Similarly,	 females	 in	Fray	Jorge,	who	dispersed	over	 larger	distances	
that	did	not	differ	from	a	random	pattern,	also	showed	no	fine-	scale	ge-
netic	structure.	In	contrast,	males	in	Fray	Jorge,	who	showed	restricted	






















mating	 system,	and	dispersal	behavior	 (Double	et	al.,	2005).	 In	 con-
trast	to	other	studies	focused	on	polygynous	or	cooperatively	breed-
ing	 birds	 (e.g.,	 Beck	 et	al.,	 2008;	 Double	 et	al.,	 2005;	 Temple	 et	al.,	
2006;	Van	Dijk	 et	al.,	 2015),	 social	 interactions	 are	not	 expected	 to	
influence	the	genetic	structure	in	socially	monogamous	species	(Banks	
&	Peakall,	 2012;	 Peakall	 et	al.,	 2003;	 but	 see	 Foerster	 et	al.,	 2006).	








2006),	 rayaditos	 show	philopatric	 behavior	 at	 the	 local	 scale,	 as	 de-













Studies	 looking	 at	 context-	dependent	 patterns	 of	 dispersal	 and	
genetic	 structure	 can	 help	 understand	 population	 dynamics	 within	
a	 species’	distributional	 range	 (Foster,	1999).	Peripheral	populations	
with	contrasting	historical	and	ecological	contexts	can	be	considered	
natural	laboratories	for	such	explorations	(Travis	&	Dytham,	2012).	In	
fact,	 the	 observed	 differences	 in	microgeographic	 genetic	 structure	
in	 rayaditos	 might	 reflect	 the	 genetic	 consequences	 of	 population-	
specific	 responses	 to	 contrasting	 environmental	 pressures	 near	 the	
range	 limits	of	 their	distribution.	Because	of	 the	unique	Chilean	ge-
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The	datasets	 analyzed	during	 the	 current	 study	 are	 archived	 in	 the	
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